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RIDGES  RESULTING  FROM  DIFFERENT  FARMING  PRACTICES 

By  L.  H.  SchoenleberV 


The  perpetuation  of  an  efficient  terrace  system  is  due  in 
part  to  adequate  terrace  maintenance.    Maintenance  will  be  required 
at  some  time  on  all  terrace  systems  provided  desirable  cross  sections 
are  to  be  maintained.     Suitable  terrace  cross  sections  may  be  main- 
tained either  by  proper  farming  practices  or  by  rebuilding  the  terrace 
periodically.    A  method  to  determine  the  different  terrace  dimension 
changes  resulting  from  the  farming  operations  practiced  and  crops 
grown  on  the  absorptive  type  terrace  or  mangum  broad  base  terrace -has. 
been  in  use  and  data  recorded  annually  for  eight  consecutive  seasons., 
at  the  soil  and  water  conservation  experiment  station  near  Clarinda- 
Iowa.    The  following  terrace  dimensions ,  as  shown  in  Figure  1,-^iere 
determined  from  measurements  which  were  made  yearly. 

1.  Terrace  channel  cross  section 

2.  Terrace  ridge  height 

3.  Terrace  ridge  width 

4.  Vertical  interval 

5.  Horizontal  interval 

In  order  that  the  same  interpretations  of  the  above  tente-will- 
be  clearly  understood,  a  definition  of  each  term  follows. 

^Assistant  Agricultural  Engineer,  Soil  and  "Water  Conservation  -Experi- 
ment Station,  Clarinda,  Iowa. 
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Tvrrace  channel  cross  section.  The  maximum  cross  section  area 
of  the  terrace  channel,  which  is  the  depression  along  the  upp~r  side 
of  the  terrace  ridge  in  which  the  wat^r  flows  to  the  outxet. 

Terrace  ridge  height.     The  difference  in  elevation  between  the 
bottom  of  the  terrace  channel  and  the  crown  of  the  terrace  ridge  at 
adjacent  points. 

Terrace  ridge  width.     The  horizontal  distance  in  feet  from  the 

 — 

lowest  point  in  the  terrace  channel  to  the  foot  of  the  lower  slope  of 
the  terrace  ridge,  measured  horizontally. 

Vertical  interval.     The  differences  in  feet  of  the  average 
elevations  of  the  channel  and  ridge  for  the  above  terrace  and  the 
averages  of  the  elevations  of  the  channel  and  ridge  of  the  terrace 
in  question.     The  vertical  interval  for  the  first  terrace  is  the  dif- 
ference, in  feet,  of  the  elevation  at  the  top  of  the  hill  and  the 
average  of  the  elevations  of  the  channel  and  ridge  of  the  terrace  in 
question. 

Horizontal  interval.  The  horizontal  dis  :ance  in  feet  frcr.  the 
highest  point  on  terrace  ridgo  of  terrace  above  to  high  point  on  ter- 
rc.ee  ridge  in  question  at  adjacent  points. 

METHOD  OF  TaXTNG  MEASUREMENTS 
Differential  levels  were  taK^.:  at  one-foot  intervals  dovm  the 
slope  on  3,332  feet  of  soil  movement  lines  and  cross  sections  taken 
every  one  hundred  feet  on  nearly  ten  miles  of  terrace  (See  Figure  2) 
once  during  e_ch  season.     Permanent  concrete  bench  marks  were  estab- 


iishcd  at  each  end  of  all  soil  movement  lines  or  at  tr.L  top  and  bot- 
tom of  the  slope.    In  ever?/  cast  ti  e  soil  movement  lines  were  estab- 
lished at  right  angles  to  the  terraces.     Precis;.  levels  were  taken  at 
each  on^-foot  distance,  starting  from  the  bench  mark  at  the  top  of 
the  slope,  to  the  bench  mark  at  the  bottom  of  the  slope,  on  established 
lines  which  crossed  the  terraces  at  right  angles.     In  every  case 
cross  sections  were  taken  year  after  yer.r  at  exactly  the  same  location. 
These  readings  '..ere  recorded  to  the  nearest  0.01  of  one  foot.  Levels 
which  were  taken  at  various  locations  along  the  terrace  line  were 
recorded  to  the  nearest  0.1  of  one  foot.     The  measurements  on  the 
terraces,  no  doubt,  will  not  be  as  accurate  as  those  taken  on  the  soil 
movement  lines.     A  comp_rison  of  the  measurements  taken  by  the  two 
methods  will  be  shown  later. 

There  are  many  factors  which  may  cause  the  terrace  dimensions 
to  varj'-  from  ye^.r  to  year.     Some  of  these  factors  are  type  of  soil, 
slope  of  lane,  crops  grown,  and  farming  operations  performed.     It  was 
impossible  during  this  study  to  determine  the  effect  of  each  factor, 
but  rather  to  measure  the  effect  resulting  from  the  farming  pr-.ctice 
used  ^t  this  station.     In  almost  ev. ry  case,  the  type  of  crop  grown 
governed  the  type  of  operations  which  were  performed.     Two  different 
four-ye^r  rotations  -no  a  crop  of  continuous  corn  were  grown  on  iiar- 
shall  silt  loam.    The  slop--  of  land  upon  which  terraces  were  built 
ranged  from  six  to  eleven  percent. 


RESULTS 

Rotation  (corn,  corn,  oats,  clover) 

Terrace  dimension  changes  resulting  when  different  crops  were 
grown  are  governed  mainly  by  the  types  of  farming  operations  which 
nay  be  performed  _t  that  time,     nn  average  of  the  various  terrace 
dimension  changes  obtained  during  successive  years  are  shown  in 
Table  i  for    ach  crop  grown  during  an  eight-year  period  ".Then  a  rota- 
tion of  corn,  corn,  oats  and  seeding  of  clover,  clover,  was  used. 
Crops,  listed  in  succession,  were  grown  on  all  soil  movement  lines. 
There  were  53  different  locations  at  which  soil  movement  lines  cros- 
sed terraces.    The  major  tillage  operations  performed  during  the 
period  each  crop  was  grown  are  shewn  in  Table  2.     The  greatest  change 
in  average  terrace  cross  section  occurred  during  1935  when  first-year 
corn  was  grown.     In  every  case  when  the  terraces  were  plowed  and 
planted  to  corn  the  average  terrace  cross  section  increased.  V/hen 
oats  were  grown  a  decrease  for  the  terrace  cross  section  resulted. 
During  1937  there  Wc.s  a  decided  decrease  in  average  terrace  cross 
section.    This  no  doubt  resulted  from  the  method  of  diski  ig  terraces. 

In  general,  the  average  rid^e  height,  when  different  crops  wer 
grown,  was  affected  in  about  the  same  manner  as  the  average  terrace 
cross  section.  The  relative  magnitude  and  trend  of  the  differences 
for  average  ridge  height  for  the  various  crops  were  about  the  same. 
However,  during  193-6  there  was  a  slight  decrease  for  the  average  ter- 
race height  instead  of  an  increase  as  was  shown  for  average  cross 
section.    The  same  tillage  operations  which  created  a  change  in  ter- 
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rv.ce  cross  sections  were  no  doubt  the  sane  operations  vhich  caused 
changes  in  average  terrace  height. 

The  relative  difference  in  average  ridge  width  was  small  after 
the  first  year.    Aft^r  all  terrace  cross  sections  were  plotted,  in 
many  c^ses  it  was  almost  impossible  to  determine  exactly  where  the 
base  of  a  terrace  ridge  ended.    This  mace  it  difficult  to  determine 
accurately  the  correct  terrace  width. 

The  average  vertical  interval  and  average  horizontal  interval 
showed  very  small  changes  -nd  in  some  cases  no  changes  during  the 
period  when  the  above  crops  were  grown.    There  was  practically  no 
change  in  horizontal  interval.    However,  some  changes  were  found  for 
average  vertical  interval.     It  appeared  thct  some  changes  resulted 
for  average  vertical  interval  during  yec.rs  the  ridge  height  showed 
the  greatest  changes. 

An  average  of  the  various  terrace  dimensions  for  progressive 
rotation  cycles  when  a  rotation  of  corn,  corn,  oats  and  a  seeding  of 
clover,  clover,  was  used  is  shown  in  Table  3.    The  major  tillage  opera- 
tions performed  during  each  progressive  rotation  cycle  are  shown  in 
Table  2.     In  general,  tillage  operations  performed  were  nearly  the 
same  for  each  progressive  rotation  cycle.    For  the  first  four  progres- 
sive rotation  cycles,  the  average  vertical  interval  and  horizontal 
interval  were  the  only  dimensions  which  did  not  show  a  gradual  and 
consistent  increase.    The  fifth  progressive  rotation  cycle  showed  a 
much  smaller  average  cross  section  and  average  ridge  height.  This 
may  have  been  due  to  the  method  of  disking  during  1936  and  1937. 
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Table  3«    Average  of  terrace  dimensions  for 
progressive  rotation  cycle 

Corn,  corn,  oats  and 
seeding  of  clover, 
clover  (Rotation) 


Average  of  all  terrace  dimensions  on 
soil  movement  lines  A -A,  B-B,  C-C,  : 
D-D,  M-M,  Z-Z  (old  &  new)  : 

Average  for  progressive 

rotation  cycle 

:  1st 

2nd 

3rd 

4th 

5th 

Cross  section 

Sq.  ft. 

:  16.32 

17.23 

17.47 

17.82 

17.17 

Ridge  height 

Ft. 

:  LAP 

1.45 

1.45 

I.46 

1.41 

Ridge  width 

Ft. 

:  13.4 

18.6 

18.8 

18.8 

19.0 

Vertical  interval 

Ft. 

:  4.58 

4-58 

4.58 

4.58 

4.59 

Horizontal  interval 

Ft. 

:  53-0 

53.0 

53.0 

53.0 

53.0 

Note:    Major  tillage  operations  performed  are  shown  in  Table  2. 


The  five  progressive  cycles  referred  to  are  formed  from  the  data 
for  the  years  1932  to  1939  inclusive  as  follows:    1st  cycle:  1932, 
33,  34  and  35:    2nd  cycle:    1933,  34,  35  and  36;  and  so  on.  This 
is  analogous  to  the  moving  average  method  proposed  by  F.  D.  Richey 
(Jour.  Agr.  Res.  Vol.  27,  1924)  (Jour.  Agr.  Res.  Vol.  30,  1927) 
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There  was  practically  no  change  in  average  vertical  interval 
for  ail  progressive  rotation  cycles.    No  change  resulted  in  horizon- 
tal interval  as  the  progressive  rotation  cycles  continued. 

Rotation  (corn,  corn,  corn,  cats; 
&  four-year  rotation  of  corn,  corn,  corn,  ana  cats  Was  grown 
on  Plot  X.    Soil  movement  lir.e  X-A,  which  is  located  on  Plot  X,  cros- 
sed five  different  terraces.    The  average  change  of  the  various  ter- 
race dimensions  for  these  terraces  and  the  major  tillage  operations 
performed  on  the  terraces  are  shown  in  Tables  4  ana  5.    An  increase 
in  average  terrace  cross  section  occurred  during  the  first  year  a 
crop  of  com  was  grown,  after  the  terraces  were  built,  and  also  the 
year  corn  followed  the  first  crop  of  oats.    All  other  years  showed 
a  decrease  in  average  terrace  cross  section.    This  trend  was  not 
the  same  during  the  years  corn  w.s  grown  in  a  corn,  corn,  oats, 
and  clover  rotation.    This  rotation  had  three  consecutive  years 
of  corn  ana  did  not  always  show  an  increase  for  the  average  terrace 
cross  section,  even  though  the  land  had  been  plowed  for  corn.  The 
reason  for  this  may  be  that  the  surface  of  the  soil  was  in  a  loose 
condition  a  longer  period  of  time,  thus  allowing  the  ridge  to  be 
flattened  out  when  various  farming  operations  "•.ere  performed,  -..here 
three  ye^rs  of  corn  arc  in  succession  in  a  rotation.    This  may  also 
be  the  reason  why  avera  e  ridg height  showed  a  decrease  for  all 
years  except  1935  and  1939.    The  year  corn  fcLLowed  first-year  oats 
was  the  only  year  where  the  largest  increase  of  avt  rage  terrace 


Table  4. 


Effect  of  different  crops  and  farming 
operations  on  the  various  terrace 
dimension. 


Corn,  corn,  corn,  oats  (Rotation) 


Average  dimension  changes 
So.^i  movement  line  X-X 

:  1933 
c  o  rn 

1934 
Oats 

1935 

i  cf  - 
1j  1/      V  | 

corn 

1936 
corn 

1937 

JL  \x    J  L  • 

1933 
Oats 

1939 
corn 

Change  in  cross  section  Sq 

.11. 

:  3.51 

-1.94- 

5.60 

-2.50 

-0.18 

-1.63 

—1 . 02 

Chance  in  ridge  height 

r  o 

-  .15 

-  .13 

.31 

-  .04 

-  .03 

-  .06 

0.0 

Change  in  ridge  width 

Ft- 

.6 

-  .2 

2.0 

-  .4 

-1.0 

3.0 

-1.0 

Change  in  vertical 

Ft: 

.08 

-  .07 

.05 

-  .03 

-  .02 

0.0 

.06 

interval 

Chan  e  in  horizontal 

Ft 

-  .3 

0.0 

0.0 

-  .5 

.3 

0.0 

inte rval 

Note:  (-)  sign  means  a 

decrease  in 

actual 

dimension  from 

the  previous 

year 

Table  5.    l<Iajor  Tillage  operations  performed 
Corn,  corn,  corn,  oats  (Rotation) 


Third  year  corn 


Oats 


1933  : 

1937  : 

1934  : 

1933  : 

1935  : 

1939  i 

1936 

Disked  : 

Disked  : 

Disked 

Plowed  : 

Plowed  ; 

Plowed  : 

Plowed  : 

Plowed  : 

Plowed 

Disked  ; 

Harrowed  : 

Disked  : 

Disked  at: 
angle  : 

Double  : 
harrowed  : 

Disked 

Disked  at 
angle 

Disked  at  : 
angle  : 

Disked  at  : 
angle  : 

Drilled  : 
oats  at  : 
right  : 
angles 

Drilled 

Oci. 

Disked  : 

Ear rowed  : 
at  angle 

,  Rolled 

:  Rolled 

Loose 
ground 
lis  t-.d 
corn 

.  Loose 
:  ground 
:  listed 
:  corn 

:  Loose 
:  ground 
:  listed 
:  corn 

:  Loose 
•  ground 
:  listed 
:  corn 

:  Loose 
:  ground 
:  listed 
:  corn 

Rotary 
|oed 

:  Harrowed 

:  Rotary 
:  hoed 

:  Rotary 
:  hoed 

Cultivated 

two 

times 

:  Cultivated 
:  three 
:  times 

:  Cultivated 
:  three 
:  times 

:  Cultivated 
:  three 
:  times 

:  Cultivated 
:  three 
:  times 

rirst  year  corn 


Second  year 
corn 


ffn  tillage  operations  which  were  not  performed  parallel  to  the  terrace  ridge  are 
Indicated  in  the  manner  applied  with  respect  to  the  terrace  ridge,    a  two-way  plow 
v;as  used  during  1935  ana  all  following  years. 
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height  and  cross  section  resulted.    The  decrease  in  average  ter- 
race height  became  smaller  as  this  rotation  progressed.  The 
average  terrace  width  showed  a  wide  variation  throughout  the  rota- 
tion.   When  a  profile  of  the  soil  movement  line  was  plotted,  it 
was  found  difficult  to  determine  precisely  where  the  terrace  ridge 
ended.    It  is  believed  this  may  be  the  reason  wide  variations  in 
average  terrace  ridge  width  resulted.    Changes  for  average  vertical 
interval  and  average  horizontal  interval  were  small.    In  most  cases 
there  v:ere  no  material  changes  in  average  horizontal  interval. 

The  average  of  terrace  dimensions  for  progressive  rotation 
cycles  is  shown  in  Table  6.    The  major  tillage  operations  performed 
on  the  terraces  are  shown  in  Table  5«    In  every  case  the  major 
tillage  operations  performed  were  nearly  the  same  for  each  progres- 
sive rotation  cycle.    Three  different  terrace  dimensions,  average 
terrace  cross  section,  ridge  height  and  ridge  width,  show  an  increase 
for  the  first  three  progressive  rotation  cycles.    This  same  condition 
existed  where  only  two  years  of  corn  appeared  in  a  rotation.  During 
the  fourth  progressive  rotation  cycle  terrace  cross  section  was  the 
only  dimension  which  showed  a  decrease.    There  was  very  little  change 
in  all  other  terrace  dimensions  as  the  progressive  rotation  cycle 
continued. 

Continuous  Corn 
The  changes  in  terrace  dimensions  resulting  from  continuous 
corn  grown  on  a  terraced  area  for  seven  consecutive  years  are  shown 
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Table  6.    Average  of  terrace  dimensions  for 
progressive  rotation  cycle 

Corn,  corn,  corn,  oats  (Rotation) 


Average  of  all  terrace 

dimen- 

Average 

for  progress 

ive  rotation  cycle 

sions  on  X-X  soil  movement  line  • 

:  1st 

2nd 

3rd 

4th 

Cross  section 

Sq.  ft.: 

19.55 

19.79 

20.10 

18.76 

Ridge  height 

Ft.: 

:  1.41 

1.44 

1.48 

1.45 

Ridge  width 

Ft.: 

:  18.6 

18.7 

19.6 

19.7 

Vertical  interval 

Ft.: 

:  4.80 

4  •  73 

4.78 

4.78 

Horizontal  interval 

Ft. 

:  53-7 

53.6 

53.5 

53-5 

Note:    liajor  tillage  operations  performed  are  shown  in  Table  5 


in  table  7.    The  nu-jor  tillage  operations  performed  •..ere  the  s~me 
cuch  year.    There  were  no  consistent  trends  in  terrace  dimension 
changes  during  the  seven-year  period.    Changes  for  terrace  cross 
section  and  terrace  ridge  height  -..-ere  erratic.    There  was  a  decided 
decrease  in  terrace  cross  section  for  two  years  anu  a  large  increase 
for  the  other  years.    There  were  no  major  changes  for  horizontal  and 
vertical  interval  during  this  period. 

COMPARISON  OF  TERRiiCS  DIMENSION  CPL.HGES  COMPUTED  BY 
TWC  DIFFERENT  SURVEYS 

Two  different  methods  ".-ere  employed  to  obtain  the  data  in 
this  study.    The  soil  movement  survey  was  made  primarily  to  study 
soil  movement.    During  this  survey  elevations  were  taken  at  one-foot 
intervals  to  the  nearest  0.01  foot.    This  survey  afforded  an  excel- 
lent opportunity  to  study  the  various  terrace  dimension  changes. 
Data  shoT.-n  in  all  foregoing  tables  were  obtained  from  the  soil  move- 
ment surveys. 

The  terrace  cross  section  surveys  were  made  primarily  to  ob- 
tain two  different  terrace  dimensions.    Daring  this  survey  cross  sec- 
tions were  taken  at  one  hundred-foot  stations  and  elevations  taken 
at  low  point  in  channr  1  and  high  point  of  ridg;.  at  each  fifty-foot 
distance.    All  elevations  wore  taken  to  the  nearest  0.1  foot.  Data 
shown  in  Tables  S  and  9  were  obtained  from  the  survey  made  on  in- 
dividual terraces.     ..Tien  a  rotation  of  corn,  corn,  oats,  and  clover 
was  us<  d,  the  trends  of  terrace  dimension  changes  verc  nearly  the 
same  for  both  surveys  for  all  years  except  for  terrr.ee  cross  section 
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Table  7.    Changes  in  terrace  dimensions  when 
continuous  corn  is  grown. 


Dimens 

ion 

changes  for  terrace 

:                                Continuous  corn^ 

B-3  on 

soil  movement  line  E-E 

•  1st 

2nd 

3rd 

4  th 

5  th 

6th 

7th 

•  vr . 

vr . 

7r- 

yr. 

yr. 

yr- 

Change 

in 

cross  section  3q. 

ft. 

:  4.20 

-3-30 

-3.81 

5.36 

0.01 

0.71 

-0.25. 

Change 

in 

ridge  height 

Ft. 

I 

:  .34 

-  .60 

.19 

0.0 

.09 

.13 

—  •  . 

Change 

in 

ridge  width 

Ft. 

:  0.0 

-2.0 

2.0 

0.0 

2.0 

-1.0 

0.0 

Change 

in 

vertical  interval 

Ft. 

:  -  .10 

.13 

-  .02 

0/ 

.06 

.02 

-  .1 

Change 

in 

horizontal  interval 

Ft. 

:  0.0 

0.0 

-1.0 

0.0 

0.0 

1.0 

0.0 

Note : 

(-) 

sign  means  a  decrease  in  actual 

dimension  from 

the  pr 

ivious 

year 

'Major  tillage  operations  performed  were  plowing,  disking,  harrowing,  planting 
corn  and  cultivating  three  times.    These  operations  were  performed  parallel 
with  the  terrace  ridge. 
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in  1933  and  1934.     (Refer  to  Tables  1,  3,  3,  and  9)    The  terrace 
dimension  changes  for  each  progressive  rotation  cycle  in  each  sur- 
vey showed  the  same  trends  for  all  rotation  cycles  except  for  the 
last  cycle.    The  average  cross  section  was  a  little  smaller  in  every 
case  for  the  survey  nu.de  on  soil  movement  lines.     Ho  doubt  the  main 
reason  for  variation  in  figures  was  due  primarily  to  the  precision- 
employed  in  taking  levels.    When  levels  were  taken  to  the  nearest, 
0.01  foot,  the  maximum  possible  error  in  determining  the  various 
terrace  dimensions  was  small  or  approximately  one  percent  or  less . 
However,  the  maximum  possible  error  which  may  be  encountered  when 
levels  were  taken  to  the  nearest  0.1  foot  may  be  as  much  as  ten  per- 
cent for  a  single  cross  section  ana  one  percent  for  ridge  height. 
It  is  believed,  however,  that  the  error  which  may  be  encountered 
while  taking  the  levels  to  the  neerest  0.1  foot  will  be  compensating. 

MOVENT  OF  TERRACE  RIDGES 
Movement  of  terrace  ridges  with  respect  to  other  terraces  on 
a  slope  may  be  determined  from  the  foregoing  tables.    Very  small  dif- 
ferences in  terrace  vertical  interval  and  terrace  horizontal  interval 
were  shown  when  different  farming  practices  were  performed.    In  rik-ny 
cases  there  were  no  changes  in  thv.se  two  dimensions.    This  indicates 
that  terrace  ridges  on  a,  hill  slope  do  not  change  their  relative  loca 
tions  with  respect  to  each  other.    Measurements  of  distance  from  the 
highest  bench  mark  to  the  top  of  the  first  terrace  ridge  have  been 
made  on  four  soil  movement  lines  for  nine  consecutive  years.  These 
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Table  9.    Average  of  terrace  dimensions  for 
progressive  rotation  cycle 

Corn,  corn,  oats  and  seeding  of 
clover,  clover  (Rotation) 


Average  of  all 

Progres 

sive 

rotation 

cycle 

terrace  dimensions 

:  1st 

2nd 

3rd 

4th 

5  th 

Cross  section       Sq.  ft. 

17.5 

19.0 

19.1 

19.5 

19.6 

Ridge  height  Ft. 

1.5 

1.5 

1.5 

1.5 

1.5 

Note:    Major  tillage  operations  performed  are  shown  in  Table  2. 


-  19  - 

measurements  arc  shown  in  Table  10.     It  is  apparent  from  these  date, 
that  no  significant  change  in  measurements  resulted.     Inasmuch  as 
there  are  no  significant  changes  in  the  measurements,  it  may  be  as- 
sumed that  the  top  terrace  ridge  does  not  change  its  relative  locu- 
tion with  respect  to  the  permanent  bench  mark.    From  the  foregoing 
measurements,  it  is  shown  that  terraces  do  not  creep  down  -  slope 
provided  the  farming  practices  are  the  same  as  those  used  during 
this  study. 

CONCLUSIONS 

1.  The  causes  for  terrace  dimension  changes  when  different 
crops  are  grown  are  due  primarily  to  the  methods  and  type  of  tillage 
operations  performed. 

2.  The  average  terrace  cross  section  will  probably  increase 
when  all  tillage  operations  are  performed  parallel  to  the  terrace 
ridge  and  when  plowing  is  performed  by  back  furrowing  to  ridge, 
leaving  dead  furrow  in  channel  and  throwing  all  furrows  up  hill. 

3.  The  two  different  surveys  employed  to  determine  terrace 
dimension  changes  proved  satisfactory;  however,  only  two  dimensions, 
terrace  cross  section  and  terrace  ridge  height,  could  be  determined 
from  the  terrace  section  survey. 

4.  Terrace  ridges  do  not  creep  down  the  hill  slope  and  do  not 
change  their  relative  locations  with  respect  to  other  terraces  provided 
farming  practices  used  are  similar  to  those  used  in  this  study. 


o 


o 


3 
St 
+3 

6 

o 

X3 
03 
O 

o 
-p 


r.' 


§1 
:-» 

■P  •  0> 
to!  c\ 


CO 


!  cn 

rH 


4-3  I 

to 
'd| 

•H 
§ 

■81 


ST 


W\  rH 
-p| 


-p 

rH  03 

o  o 

CO   >  rH 

O 


O 

CT> 

o 

rH 

rH 

rH 

rH 

i> 

ON 

CO  . 

rH 

L'\ 

rH 

rH 

rH 

O 

O 

o 

CO 

rH 

IT\ 

rH 

rH 

rH 

O 

C** 

O 

rH 

i — ! 

rH 

rH 

O 

£> 

CO 

rH 

i— 1 

rH 

rH 

q 

CO 

CO 

tf\ 

I — • 

r-j 

o 

CO 

CO 

H 

U"\ 

H 

rH 

rH 

O 

CO 

o 

0> 

rH 

rH 

rH 

rH 

o> 

O 

rH 

y\ 

cv 

rH 

vO 

rH 

rH 

vO 

rH 

rH 
1 

1 

O 

1 

1 

O 

O 

CQ 

o 

Q 

1 

J 
OQ 

1 

o 

(V 
rH 


03 

r- j 

•H 
rH 

7 


-p 

o 

C." 

J 
6 


•rH 
En 


